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35  U.S. Patent No. 4,195,120 discloses organic phosphate esters of the ethylene oxide-adduct type, and U.S. Pa-
tent No. 4,606,984 discloses perfluorate organic compounds of the ethoxylated fluoro alcohol type.

As the mixed additive of inorganic inhibitor and organic inhibitor, for example, Japanese Patent KOKAI
(Laid-Open) No. Hei 2-79367 proposes a mixture of indium hydroxide and a perfluorate organic compound of

) the ethoxylated fluoro alcohol type.

o In prior art batteries such as a battery using pure zinc as the anode active material in the absence of mer-
cury, corrosion reaction violently occurs with hydrogen being generated by zinc, whereby the Inside pressure
of battery is increased to expel the electrolyte outside the battery. Thus, there is a problem of electrolyte-leak.

In a partially-discharged battery, the hydrogen-generating rate at the zinc anode is accelerated, thereby
further reducing the resistance to electrolyte-leak. This problem is caused by the removal of mercury which

45  inhibits the corrosion reaction by raising the hydrogen overvoltage on the surface of zinc.

Even when a battery is made from a corrosion-resistant zinc alloy containing indium, aluminum and lead,
which has been proved to render a mercury content-reduced zinc anode resistant to corrosion, withoutmercury,
the electrolyte-leak resistance of the battery cannot be secured after partial discharging. Furthermore, even
a battery made from a gel anode using a pure zinc powder as the anode active material and containing com-

50  mercially available indium oxide and indium hydroxide (or indium chloride or indium hydroxide as disclosed in
DE-39 23 751 A1) added thereto, cannot have a practical electrolyte-leak resistance like the above-mentioned
battery made from the corrosion resistant alloy.

Even when an amine type surfactant, which is known as a material for reducing the mercury content, is
added as an organic inhibitor to a battery made from a gel anode using as the anode active material an indium,

65  aluminum and lead-containing, corrosion-resistantzinc alloy, the electrolyte-leak resistance of the battery can-
not be secured. As mentioned above, the current series of the batteries are not complete in inhibiting the cor-
rosion and hence impractical at least in closed type ones.
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: d d therein in an appropriate concentration and further a so-called perfluoroalkyl polyethylene oxide sur-
factant as the organic inhibitor added thereto in an appropriate amount, the perfluoroalkyl polyethylene oxide
8  having the hydrophilic part of polyethylene oxide and the oleophilic part of a fluoroalkyl group and the zinc
alloy consisting of an appropriate amount of one or more selected from the group consisting of indium, lead,
bismuth, lithium, calcium and aluminum and the balance of zinc.

Preferably, the zinc alloy contains 0.01-1 wt% of indium and 0.005-0.5 wt% in total of one or more of lead

. and bismuth, or 0.01-1 wt% of indium, 0.005-0.5 wt% of one or two of lead and bismuth and 0.005-0.2 wt% in
\_/ 4 total of one or more of lithium, calcium and aluminum.

The indium hydroxide used herein is preferably synthesized by neutralizing an aqueous solution of indium
chioride or indium sulfate as starting substance. The use of the indium chloride as starting substance can pro-
duce the indium hydroxide having a better corrosion resistance than the use of the indium sulfate. Where the
starting substance is indium nitrate and indium sulfate, the aqueous solution of them to be neutralized should

45 contain chloride ions in order to effectively produce the indium hydroxide. The indium hydroxide is preferably
in a powdery form, which contains at least 60 wt%, preferably at least 70 wt% of particles having a particle
size of 0.5-8 um and a weight loss of 18-30 wi%, preferably 20-25 wt% when thermally decomposed at a tem-
perature of up to 900°C. The indium hydroxide effectively has a powdery X-ray diffraction pattern having broad
peaks at '

80 4.71x0.10 A, 3.9810.02 A

3.57+0.10 A, 2.6610.02 A
Further, the appropriate amount of the indium hydroxide added is in the range of 0.005 to 0.5 wt% based on
the weight of the zinc alloy. _

The amount of the abovementioned perfluoroalkyl polyethylene oxide surfactant added to the alkaline

&  electrolyte is effectively in the range of 0.001 to 0.1 wt% based on the weight of the zinc alloy. The chemical
structure of the surfactant has the formula of

(X)-CrFan-(Y)-(CH2CH,0)n-(Z)
wherein Xis -H or -F, Y Is -C,H,-O-CH,CH(OH)-CH,0-, -CONH- or -SO,NR-, wherein R is -H or an alkyl group,
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The object of the present invention is to provide a method of nanufacturing
zinc-al kaline batteries free of engPvoasnssaeal destruction and having an
i mproved resistance to electrolyte-leak and a good storage stability. 5
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t Re/gr eup hadigspobkethfighe@kidé stdhe HydiropHii Portion thereof is highly soluble in a micell form in the alkaline
electrolyte. Therefore, the surfactant rapidly transfers to and is immediately adsorbed on the surface of the
zinc alloy, when it is charged into the electrolyte. This means that the surfactant provides a high corrosion re-
sistance to the zinc alloy. The greater the polymerization degree of the polyethylene oxide, the higher the sol-
ubility of the surfactant. Then, when the surfactant has a highly hydrophobic fluoroalkyl group, the polymeri-
45 zation degree is desirably 20 or more. Furthermore, when the terminal of the polyethylene oxide is hydroxyl
group or the oxide is in an alcohol form, the surfactant is susceptible to the hydrolysis. Therefore, the terminal
group is preferably methyl group, sulfone group or phosphate group which is highly resistant to alkalis. If the
oleophilic portion of the surfactant has a fluoroalkyl group, the group effectively prevents receiving and don-
ating of electrons which causes the corrosion reaction, when the group is adsorbed on the surface of the zinc
60 alloy. This is because the group Is highly electrically insulating. The bond between the hydrophilic group and
the oleophilic group preferably has a hydrophilic ether bond and hydroxyl group, rather than the water-repelling
alkyl group, because the ether bond and hydroxyl group bond more easily to the zinc alloy, so that the surfactant
provides higher corrosion resistance.
The advantages by the combination of the zinc alloy and the indium hydroxide will be elucidated below.
86  Since the indium hydroxide is electrodeposited to work on the surface of the zinc alloy, the electrodeposition
is needed to be effected smoothly and evenly. Since a large amount of hydrogen gas is generated on the sur-
face of the zinc alloy having no corrosion resistance, the electrodeposition of indium is prevented, so that the
electrodeposition is made uneven. However, the generation of hydrogen gas is inhibited on the surface of the
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under stirring with a screw stirrer by adding the ammonia gas to the solution until the pH of the solution becomes
9, then washing the precipitate on a filter having a mesh size of 0.5 um with ion-exchange water until the pH
of the filtrate becomes 7.5, separating the water content from the precipitate by making vacuum underneath
the filter and drying the precipitate under vacuum at a relatively low temperature of 60°C.

30 The gel-like anode is prepared in such a manneras described below. To a 40% potassium hydroxide aqu-
eous solution (also containing 3 wt% of ZnO) are added 3 wt% of sodium polyacrylate and 1 wt% of carboxy-
methyl cellulose to form a gel-like electrolyte. To the gel-like electrolyte is gradually added a predetermined
amount of an indium hydroxide or indium sulfide powder under stirring. The electrolyte is then aged for 2-3
hours. Then, the zinc alloy powder is mixed with the aged gel-like electrolyte in such a weight ratio that the

85 amount of the former is two times larger than that of the gel-like electrolyte. in the case that the organic inhibitor
is added, a predetermined amount of the inhibitor is added to the gel-like electrolyte prior to adding the indium
hydroxide during the abovementioned preparation of the indium hydroxide.

Fig. 1 is a cross-sectional view of the LR 6 alkaline manganese battery used in the example of the present
o invention. In this figure, reference number 1 denotes a cathode compound, 2 a gel-like anode featuring the
U 40 presentinvention, 3 a separator, 4 a current collector of the gel-like anode, 5 a cathode terminal cap, 6 a metal
case, 7 an outside housing of the battery, 8 a polyethylene-made resin plug for closing the opening of the case

6, and @ a bottom plate forming the anode terminal.
In the method of evaluating the resistance to electrolyte leak, 100 of the LR 6 alkaline manganese batteries
having the structure as shown in Fig. 1 were subjected to the partial discharging at a constant current of 0.85

45 Aand a discharging voltage of 0.75 V which are severe fo the LR 6 battery until 20% of the discharge capacity
of the batteries was discharged, and the number of the leaked batteries after storage at 60°C for 30 days or
more was evaluated as the leak index (%). If the leak index is zero (0) % after storage at 60°C for 30 days
under the severe conditions, the batteries are practically usable. However, the leak index representing the re-
liability of battery should be kept zero as long as possible.

50 The present invention will be illustrated below with reference to some examples.

EXAMPLE 1

This example is an embodiment using the combination of a zinc alloy and an inorganic inhibitor.
55 The previous research of various additive elements with changed amounts thereof has found that zinc al-
loys containing one or more of indium, lead, bismuth, lithium, calcium and aluminum are appropriate.
Table 1 shows the resuits of the leak test for batteries made from the corrosion-resistant zine alloys as
mentioned above with changed amounts of indium hydroxide added. The leak test was carried out with the
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100. 5 : The present inventors have studied on the conposition of each of
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| edebvand bi snmut h t hensel ves have a hi gh hydrogen over- voltage and hence
rai se the hydrogen overvol tage of the surface of the zinc all oy when added
to the zinc alloy. The function of the elenents raising the hydrogen-.
overvoltage is maintai ned even when a fresh surface of the zinc alloy
appear sduring the discharging, if the elenents are uniformy dispersed in
the body of the zinc alloy. Furthernore, |ithium alum num and cal ci um have
a function of sphering zinc grains to reduce the true 15 specific surface
area of the zinc grains so that the anmount of the zinc alloy corroded per
unit wej.ght is de- creased. Wen the indium hydroxi de powder is dispersed
togetherwith the zinc alloy into the gel-like alkaline elec- trolyte, part
of the indiumhydroxide is electrodeposited onto the surface of the zinc

al l oy through the principle of the substitution plating, thereby raising

t he hydrogen overvoltage on the surface. The remaining part of the 20

i ndiumaydroxide is retained as it is in a solid formin the gel-like
alkaline electrolyte, and this part Is to be elec- trodeposited onto a
fresh surface of the zinc alloy exposed when subjected to discharging,
thereby allowing the zinc alloy to remain to be corrosion resistant. The
smal l er the particle size of the indium hydroxide, the betterthe dispersion

in the®el-like alkaline electrolyte, so that the indium hydroxi de can be
effective uniformy throughout the gel anode. However, if the indium
hydroxi de particles are too small, then it is imediately dis- 25 solved,

so that the anount of the indium hydroxide to be used after partial
discharging is insufficient. The Ilim itation of the weight |oss of the
i ndi um”hydr oxi de when thermal |y deconposed depends upon the crystallinity
t hereof. The solubility of the indium hydroxi de powder varies dependi ng
upon the weight loss. If the weight 1oss by the thermal deconposition is
too small, then the solubility is lowered, and if the weight loss is too

| arge, gghen the solubility is raised. 30 The properties of the indium
hydr oxi de vary dependi ng upon net hods of synthesizing the indi um hydrox-

i de. The i ndi um hydroxi de synthesized fromindium chloride and i ndi um
sulfate as starting materials has a crys- tallinity and crystal shape

gi ving such an excellent corrosion resistance as nmentioned above. The use
ofi_iyndi4am chl ori de as starting material produces much better indium

hydr oxi de than the use of indiumsulfate. Further-



nok e,

the synthesis of an indium hydroxi de having the sane properties as

t hose of the indium hydroxi de syn- EPD 457 B®B1zed from i ndi um chl ori de as
starting material is possible with indiumnitrate and indiumsulfate as

starting materials by Lzing in the nresepce of chloride ions. Wen
the surfactant is pres aIinPe 5| det ol Yt e hey with the
zinc alloy, it is chen ~Jorn <l eqquUBt &2 St Hg | zi nc al | oy
t hrough the netal soap e tlo flor m al hyl[dr qphbi g ngnoll ecul ar
| ayerwhsch exhibits th ipn-lrNATr Dy tT g [ef fecy. frgm gne|vi ewpoi nt of
a malecul ar structure, tlant! 49 - havi ad el yeiLhyLe oxi de at the
hydrophilic portion th heghl y °§)I°ub?’ |8r ‘g n%:%léfgémin t he
al kal i ne el ectrol yte. Hhelsugfatt rapid lers to and i s
i mredi at el y adsorbed o fade qf the| zijnc |al § oy i{ is charged
into th®€ electrol yte. SUNR] PHhE BRI RGtANS p e8la high
corrosion re- siskance Fnc alll oy. [rhg gneafer e pol yneri zation
degree of the pol¥yehy thg higher jthgd sel-fulyilTifty]of the
surfactant. Then S5{Ehen tlast dfe pdl Sl faydz:apactg,; fl uor oal kyl
group, fhe polymegi¥ 4 adgrge Is fdedirgbly 2D dr ror ¢.
Furt hernore, whemsthe trg—petyetyHgrretrox-eeg—+3—ydr oxyl group
or the oxide is i®sn m _tthelsuffgctdqnt |i s| suscdptible to the
hydrolysis. Theref6te, |[wheterny gq qrd3us | & [oP41R( &b| ¥ 'BYiR] or oup,
sul fone group or Rpsp G idh {s highly resigtant jtolalkalis. If
the ol egphilic pc#;a' on unflactjany hps ja fil upr opl Kyl {gr up, the group
ef@ctively prevegtes r :8d dqrol & | ed eff &l esf ns [wWhiich causes the
corFosi on reacti af;™ wh pdd i 4 afisof bgd dqn {hej surfgce|of the zinc
50 alloy. This i®%echl FgeHpH-s-Ri-ghhy—gegtrtcadl-l—insul ati ng. The
bond between t he “tydir opB ogd and {he oIJethi i c| grjoug pleferably has
a hydrashilic etiem bo xS Gt P2 r BB R hiEy P
water-repelling a I calse [t he ethe'r Qongl and lhyqroxyl group bond
nmore easily to tH8zin o i Furagtait—provrges] hi gher
corrosion resist dce. ades |by|t hEe don‘ri nati pn |of |[th¢ zinc all oy
and the indiumh Xi ql Ngi gat db e‘lbcvyb %? Si nce t he indium
hydr oxi®e is el ecdwbde vord oh d he |saiffa¢ s bl tRd i nc al l oy, the
el ectrodepositiongi®™s n © pe |ef flected| snpotjhl y ahd jevgnly. Since a
| arge anount of Ky ogen |gAs is| ggnenat ¢d pn thg syr-| fgce lof [the zinc
al I oy having no ?réos Oon resisfarjce,l the Ereact Odfp():'rq'ﬁn of indiumis
preventsgd, so tha he| el ectrodL dsitlioh ip ne8e uh&kn.| Bov@Ver, the
generation of hycﬁﬁben gas is inq(‘ali bstied | | Heajwl LEA SIS |4 EP 0 457
354 B1 o e
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COLrosi @n-resi stant zin

snoothly and evenly to obtain the deo4srssB1conbi nati on advant ages.
advant ages are obtai nabl e even after parti al

c all oy,

so that the electrodeposition is effected

These

di schargi ng. The advant ages by

the conbination of the zipc allqy. the indiumhydroxi nd the surfactant
w Il be elu- cidated b¢lol. The Lyhctior ahd hdvantlagés bf [t hd indium N
hydroxi de are as describefl aboves p@| &l | D |oSt S| 1| Pltlg whol e of the
i ndi um hydroxide is el ct'odeposrﬁed whgn pariial |y discharjged. Therefore,
t he-addstion of the suffaftant (oe onfy provige {he forrosi on
ef f@et but al so inhibi{dhe el e¢ty Lt ent of| arn % ond the
necessary anount of th 5‘1& um hyd tg rptaini|t ?Az; of the indium
hydr oxi de needed after Fhafmart ali-d Wl hg_piaoc r making the
corrosion-resistant zi p& aﬂl'ﬁy, Lh esges|fdr gynthegi d the indium
hy- 10 ™droxi de afjdyi ndli upes9| f i P R B feedfe qae | kal i ne
manganese batt er y'rd@d {1 hofl o uafing thelregis to
electrolyte | eak wi%l b& pgol ai 1@ [ {nef cofrast ¢n-] ant zinc
al loy powder is nade bySh|godca *ig{lgg 8qd.4ny zinc of
99. 97% j;n purity Bs?nmollgehg fdreded prnfndd qdd| tive |el ¢me e added in
predeterm ned anopngs o ﬁhune =+ He-—-p—Ferder m and t hen
the nmelt is atom @ b)ﬁt)ﬁbOessgp aif. Thq rasJIting pa s are
classified to 15 gb& wlthy, &he|ranfy Bf AL-ApE MBI | M ijJum hydr oxi de
is synthesized by-=addi rLg}_’, hesgt ul St bd andunt of al prledét ef i ndi um sal t
to i on-mgexchange er{ g a2l y|pept i|zi hel rdsullti eous solution
wi { h, anmoni a gas gs®a peu Iizﬁ@ S8y M screwstirrer
by addi ng the anqggaa as|tothetgp thhe jpHjof ol ution
beconmes 9, then ._‘i ng 3 he preﬁp e i esh size of
0.5 [err] with ioB-exch&hge wat ¢ 20 Jof [th rate becones
7.5, seé¥arating tge®wafet | cont epe o) pEtite B ilng vacuum
underneath the fift®r qod|dryi nga at e urjdefva t a
relatively |owt raf @ ¢ , iy grot o a powdery
X-ray diffractionopatt é¢th Baviag bt aks at B.1410]10 .1980. 02 A,
3. 570. A and 2. @6®.0 | HTaes, i nd filde|i s| synt hes y addi ng a
saturated amount gfga prefi€ ardr fe & U] <& Gtgyi% = change
wat er, rapidly negt@al i|zi 1@"('@ re g @queous dol yti h hydr ogen
sulfide as a neutgaPizi egent Jun ijfrrifngjwi g hfa gcr r er byaddi ng
t he ammoni a gas t OtBe Or oyt rhmHoft e —sptqtTgm s 9, then
washi ngst he preci'Biant on a filt.‘e( hlavijngja gsh di o] [err] with
i on- exchange wateggntil the pH{& | tdlefli Ll st & bedo 3: eparating the
wat er content from®hej|precipit vl nekihg vachrp ugde the filter
and drying the pracepi fate Andef vhcuumiat |awfel phifvellyw nper at ur e of
[err]. 30 Th® Jel {1 i ke®ano S repaﬁéﬂ inf Ychie as descri bed
bl ow. 4o a 40% pHtgssium h¥droxi dp S| | 2| ||| e
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From Tables 1 and 2 it is seen that the addition of each of indium hydroxide and indium sulfide in an ap-



eous solution (also containing 3 wt% of ZnO are added 3 w % of sodi um

pol yacrylate and 1 w % of carboxy- Brat4syBsamal | ul ose to forma gel-Ilike

el ectrolyte. To the gel-like electrolyte is gradually added a predeterm ned
amount  of  BrapraRinothtiIes shdxefief blebtRiltedBKSekistdn e aRBYHSH a@ﬁ%ﬁlrele%&&r leBresid N€
el ectrol yt enbeScah /B QivatOAE o Atic alfoy RO ENeR if tﬂh%au&yﬁx‘é‘s y&@eﬁ t'cShosioR fénde. he

m xed Wi t hainbift srgRCndifh hydiokiBe Sdefdiumdulli®addBd Wat6 Brefaratiy irlthd raﬁ?%tdf 0.088'80.5 35
anmount of bised drothewsighit 6f thedinctailgyes | ar gert han that of the gel-1like

el eetrobyt e. Thaintilve suifideds Hydretyzed IneheQIkEIMB blctiolytditdforntifidiunShyardd@hnd Sulfur. This sulfur

pr &det er imi iseghcadwitheine &f givelasticomisiol. Thereforie sanalitalirmbtdl sulfidd @nd)diun Hykexidd e odedt €
prior to athdemijnatibretoiobtdin thesémeleffesti de duri ng t he abovenenti oned preparation
of the indi urfhhgmeuskdf the alkplj etal sulfide added/isrmeferatiycin themanige ofi0DAR ©f0.2With basdd Gn the

al kal i ne rrﬂﬂ'qt& BezineallYery used in the exanple of the present invention. In
this fifure, TRe 3shaws thefesyitnor the lepk st losbajtedas prepered vsingjao unaiianged indiym hydrixide
anode feat ﬁ'ﬂ?‘ﬁg’?ﬂ é’t’hﬂ‘d CQ‘P'QS‘EW"FtﬂWé’Pﬂﬁ"WP additiyes; Eheeaktast was gartledcayt withithe bat-

col | ect or ofP"¥&f %ﬁﬁ§QFﬂ% 0¢®%¥e, 5 a cathode termnal cap, 6 a netal case, 7
an outside housing of the battery, 8 a pol yethyl ene-made resin plug for

cl osi ng,the opening of the case 6, and 9 a bottom plate form ng the anode
termnal. In the nethod of evaluating the resistance to electrolyte | eak,
100 of the LR 6 al kal i ne manganese batteries having the structure as shown
in Fig. 1 were subjected to the partial discharging at a constant current
of 0.85 45 Aand a discharging voltage of 0.75 V which are severe to the LR
6 battesy until 20% of the di scharge capacity of the batteries was
diischarged, and the nunmber of the | eaked batteries after storage at [err]
for 30 days or nore was evaluated as the leak index (% . If the |eak index
is zero (0) %after storage at [err] for 30 days under the severe
conditions, the batteries are practically usable. However, the |eak index

represe@hting the re- liability of battery should be kept zero as |ong as
possi bl e. 50 The present invention will be illustrated below with
reference to sone exanples. EXAMPLE 1 This exanple is an enbodi nent using
the conbination of a zinc alloy and an inorganic inhibitor. 55 The
previogg research of various additive elenments with changed anmounts t hereof
has found that zinc al- |oys containing one or nore of indium | ead, :
bi smuth, lithium calciumand alum num are appropriate. Table 1 shows the

results of the leak test for batteries nade fromthe corrosion-resistant
zinc alloys as nentioned above with changed anounts of i ndi um hydroxide
added. sghe leak test was carried out with the 5



EP O 457 354 Bl batteries stored at [err] for 30 days.

Tabl e 2 shows the

results of the leak test for battcEpessraseRtred fromthe
corrosion-resistant zinc alloys as nmentioned above with changed anounts of
i ndi um sul fide added. The | eak test was carried out with the batteries

stored at [oablef 8: 6Bfdaye oF a91d
354 Bl [err] 55 7

@

5

10

15

EBifg4bhe3eém

indium hydroxide

é8mpos 80i Shs 45n 4babllerbed

EP 0 457

nheibh of zinc alloys and

. % Leak index
(stored at
60°C for

Additive elements (wtg) 30 days)
Amount of

indium
hydroxide
_ 0.1 wts of
No. In Pb Bi Al Ca zinc alloy
21 0.01 j0.1 0.05 0 0 0
22 0.05 |0.1 0.05 0 0 0
23 0.5 |0.1 0.05 0 0 i}
24 1.0 0.1 0.05 0 0 0
25 0.2 |0 0.005 |0 0 0
26 0.2 |0 0.5 0 0 0
27 0.2 10.005 (0O 0 0 0
28 0.2 0.5 0 0 0 0
29 0.2 |0.0025}0.0025]0 0 0
30 0.2 |0.25 0.25 0 0 0
31 | 0.01 |0 0.05 |0 0.02 0
32 0.05 {0 0.05 0 0.02 0
33 0.5 0 0.05 0 0.02 0
34 1.0 0 0.05 0 0.02 0
35 0.2 |0 0.005 |0 0.02 0
36 | 0.2 |o 0.5 |0 0.02 0
37 0.2 |0 0.05 0.002510.0025 o
38 0.2 |0 0.05 0.1 0.1 0
39 0.2 0.0025{0.0025|{0.01 0.01 0
40 0.2 [0.25 0.25 0.01 0.01 0
41 6.2 0.1 0.05 0.0025|0.0025 0
42 0.2 |0.1 0.05 0.1 0.1 0

From Table 3 it is seen that the amounts of additives added to the zinc alloy are suitably in the range of
0.01 to 1 wt% for indium, 0.005 to 0.5 wt% for each or two of lead and bismuth, or 0.005 to 0.2 wt% for each
or two of calcium and aluminum. Furthermore, the same effect may be obtained by substituting lithium for the

aluminum.

10



EP,0 457 354 Bl propriate anount gives an excellent el ectrolyte-I|eak
resi stance, although no practical praAs78%4R1e-| eak resis- tance can be
given with a zinc alloy alone even if the zinc alloy has an excell ent

COr'r 0Si ON T eSalRRGHy emblofed AR hYdroxda Brebatelt i/ Relticfisiteh dueibGolutith o iRdisied-1 d€
added wer e gy &Eﬁ?ﬁ%ﬂb theferial) Simfl&t'a65ot Mby rﬁ%e& By Snphoyifth %A HASR RydriXidb P gght
of the Zzi NgsiY thdim chioride or indiliEhitte®C TRE RightH difedl Vad Sbidhsd bplaigRech iftivn WydRXidedré-ne
el ectrol yt gab@withthé@hional, sulids ¥l iitidtele i behreing Infatefial inkhis sragrul fur is react ed

Wi t.h zi BC t 0 SlibstiutiombfiiiRimsOIFerr induftHyerbadecobtamad dlinkshihe samd etfectsul f i de and

i ndium hydr oxi de may be used In conbination to obtain the same effect. The
anount of EXaMBILE®l i netal sulfide added is preferably in the range of
0.002 to 0.2 wt % based on the weight of the zinc alloy. 10 Table 3
shows t he r esthistexaneple dugidatpsthkeffectof thé larting-eatesiels for preparing:thediodiymshydrgxidgin the com-
unchang®d pinetion af the/zincellevsad therinareniophilifors wt % and changed ampunts of the

al | oyi ng addi ¥aplg & ghowsfhe resultsof leaktest for batterias,using|0. L% Bgedpniheavelght of the gipg aligy of
stored at [ndjupmhvdroxide srspased from vrpusgiarting metprials; Thejeaiestivas garried opwitlythy Bafteries gtogy |
Tabl e 3: EPFBE°HPr 319y conpositions on batteries using the conbination of
zinc al I150ys and

11



10 Additive el enments
I ndi um hydr oxi de
Al Ca

EP 04335¢l8ys) Anount of
Bi

Pb

In

I ndi um hydroxide 5 % Leak index (stored at [err] for
w % of 15 No

(wt %

0.1

0

0. 05

0.01 0.1

zinc alloy 21

0 22
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Form Table 4 it is seen that indium hydroxide from the nitrate is effective if it is prepared in the presence
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40. 0.2 0. 25 0. 25 0.01 0.01 0 50 41 0.2
0.1 0. 05 0. 0025 0. 0025 EP 0 457 391 B2 0.2 0.1 0..05
0.1 0.1 0 55 From Table 3 it. is seen that the anpunts of

addi tives afishRAdeiéhs! That ié,ialbattdy WilindiinenydrekilicAbpbrels From B nk2IRYE s 5§
W % f or i nebakiitex(bf 04 DvdnQafter storing %sofmrg%ﬂ@‘?)ﬁfﬁn’é@aﬂ d tha ﬁﬁﬁ a&@ﬁ et I%d%

o 005 to OHaweverit is@senchet lndid hjdééxide frorf &He@hlbritle 3F¢lifath &N GtdMiHG makeviél i Hadr mr.a%:e f&r

sanme ef f ect langer plripd sintecd baktely ith thel ML hitrdxitg hid & 1BAKUNIeX 610% dSr sHriHEBLBDD forks

EP .0.45% 38aysB1 Thi s exanpl e enpl oyed an i ndi um hydroxi de prepared by

nedtral i zi ng Swbstitulioreef insliumshifide fonindivin hiydrokidernbalnkd alfest the asne difectst ar t i ng

mat eri al . Sl m I ar effect may be obtained by enploying an indium hydroxide

prepared b¥XMMPLER i ndi um chl oride or indiumnitrate. The higher effect was
obt ai ned by u5| ng each i ndi um hydroxi de pre- pared with the chloride,

sul fi dea Mg‘t"@ "PH@" @Paﬁchr ?fﬁ‘erl'a't"@? pizg Ofﬁ'ﬁlumﬁvdsoxwpdléh battgries using the com-
Subst i tut| Ha.tIB gpl mhydroxide s inMoRReiplibicEe obt ai ned al nost t he
sane ef f ect tﬁ?@ums o ?‘:%?‘ pith béﬁ‘i\'@?'d?é(‘ﬁé@'“i"ﬁ@é]‘%&% mr::!ﬁ%’%’%ﬂafﬁmg
material s wag

the zing a Féaug dea'H%(e | nosrca'g?\ M mr{h a?f)’fess‘?? PP H{5W8YSt he results of

| eak test for batteries using 0.1 wt % based on the wei ght of the zinc alloy
of indium hydroxide prepared fromvarious starting nmaterials. The |eak
testwas carried out with the batteries stor- ed at [err] for 45 days. 15 20
25 30 35 40 45

20

25

30
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50.55 ., EP 0 457 354 Bl [err] 55 Form Table 4 it
hydroxi de fromthe nitrate is effectro4srizbant
12 EP 0 457 354 Bl of chloride ions. That is,
hydr oxi de prepared fromthe nitrate as starting materi al

I S seen that
IS prepared in the presence
a battery with indium

i ndi um

had a | eak i ndex

of 0% even after storing at Jerr] for 30 days_ which revealed that the
battery is of practical use, wevdr, itl i$ sgen that {i nfli ym hydroxi de from
the chloride or sulfate as gtaftind matdri &l |s porle fel]abl e for a | onger

~period gince a battery with|the indi um Hydgox|de hgd | pak] i ndex of 0%

- aftwr storing at [err] for 45.p days. |@hsd| 0t &redic ium sul fide for
I ndi um hydr oxi de obt ai ned al et tHe _sarfe ¢ffpct] HBXAVPLE 10 Thi s
exanpl e studied on the effegtm pf tHeospar|ti ¢l ef sifze |of {i nHi m hydr oxi de with
batteries using the com bi H{on cfgirc | 1 pys| arjd §he} i ndi um hydr oxi de
as inor@anic inhibitor. Tabll& b shqws~t e—test-o—gdi—teak—test with
batteries using indi um hydr¢xj 18 pqwdr s hzlivi ng jvar]i oyis parijticl e size
di stributions. The indium hy@ )gl;’j( gowder $ were aqded ih an amount of 0.1
wt % based on the wei gh of "zing '_|I0}:4'2.j The|l epk |t eqt s{carried out with
the batteries stored &g [er{P 18345 Hayss | B 94 2| ©
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35.40 45 50 55 13 EP 0 457 354 B1 5 [err] EP 0 457 354 Bl From Tabl e
S it is seen that an indium hydroxiEPo4spesks1 is preferred to contain 60 w %
or nore of particles of 0.5 to 8 [err] in size (the balance is particles

having a si zZerrgth Tddie itlhseén thabin lh@Jngﬁ/ﬁroxlp@&@Ué% [dreR mé?) onfn'\Jrérﬁ rE \él ng
a mesh of @fds b @unlin s §the\Ghidnesls rﬁclzswmn@@);.ze&%’% wu@.soé
batteries Wiy athbshof0.9fim Way @asﬁéd Wit valRA FrefelnR bél &xcHQTcaJeWbﬁﬁﬁesm V@W

el ectrol yt eom\oethe partictds db hétlldak Bnydimolift bifelecirélte S/en &kt Storing at 80°C forlgdRiapdddl UM

hydr oxi de us eThe indiuinhidsoxizhs afqalnethmmne;a@mmbadd Withtifdlium/ Hitkate ds Blaftihgnfteiband

St gt ing mabtainedihrough thecclabsificati of fartizlag havinh @ laedensiz byla@at deiihg@iethipdl t i Cl es

havi ng a | ar qubstiytipwofiingiue swiide ferdidium hydroxidstdbtabied &hudxs the bante etfactof i ndi um

sul fide for indium hydroxide obtained al nost the sane effect. EXAMPLE 4 10
Thi s exanpF¥AMRUES ed on the effect of the weight |oss of indium hydroxide

when t h€r maII deconposed on batteries using the conbination of zinc alloys
and i ndi u P@ﬁ:ﬂ’? s"“l’ﬁﬁ?'éth%ef?ﬁf(?f/%e gggi“k’ l“#'ﬁm MW@&W@%@#'WGWMM%
P dif- ferent weig

ing 0.1 bF
Iug!sg gs whep nﬁwe Raferiegu 'Erorhl:w” GH’éEP”P {diuip Bydggxides '3%‘"!‘9)9‘%
ghe | eaj t ok WS eba AN ?'qo ‘tfé“ deddq te Zip allpys; The jeak festwas 5
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EP O 457 354 Bl [err] FromTable 6 it Is seen

t hat the indium hydroxide is prefcros7emBtave a wei ght | oss of 18 to 30 -

wt % when

EP 0 457 354 Bl thernally deconposed. No | eak nmay occur with
| oss_of 20 to 25 wt% even after

of the indium
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| I oys, indium

ani ¢ inhibitor.
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on the wei ght of
s changed. The

r] for 60 days.
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hydr oxi de used in this exanpl e were chaggbd oy |usiiRg e
starting material and chandi ng t he| neut raj i} nig i me B
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From Table 6 it is seen that the indium hydroxide is preferred to have a weight loss of 18 to 30 wit% when
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20.25 30 35 40 45 50 55 17 EP0457354B1 [err] EP 0 457 354 Bl based on
the weight of the zinc alloys. TablEP ®45zZhR8A®1 t he results of |eak test for
batteries using the amount of the surfactant fixed to 0.01 w % and the

changed ameismidiy 8dcormpbdsd.) Nb [RMIEHE sl withT e o#tﬁaiﬁdi&rﬁﬁ,{dm‘kﬁéh&%swe htfdd oW td st he
batteries st%ewf afdr sfofiigial 60°0 for 68dglays. 5 Tabl e 9 shows the results of
| eak test forThbaifferefitweightissteagr thdndiiRydBkidelised ifthis SkbipRWertitharigbd sy dsihdthOchbh

W % and t héleab statjagimaterialant shanfing thelhautialzimig fimhsJe. The | eak test was carried
out> with the batteries stored at [err] for 75 days. 10 15 20 25 30

|y EXAMPLE 5
This example concerns batteries using the combination of zinc alloys, indium hydroxide as inorganic in-
hibitor and a surfactant as organic inhibitor.

10 Table 7 shows the results of leak test for the batteries in which the amount of the indium hydroxide added
was 0.1 wt% based on the weight of the zinc alloys and the amount of the organic inhibitor was changed. The
leak test was carried out with the batteries stored at 60°C for 60 days.
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35 40 45 50 55 EP 0 457 354 B1 [err] 20 EP O 457 354 Bl [err] From
Table 8 and 9 it is seen that the EPO4S®3as481 i ndi um hydroxi de and i ndi um
sul fide added are suitably 21 EP 0 457 354 Bl in the range of 0.005 to
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From Table 7 it is seen that the amount of the surfactant is preferred to be in the range of 0.001 to 0.1 wt%
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25 30 35 40 46 50 55 22 EP O 457 354 Bl Table 10: Effect of the alloy
conpositions on batteries using thepoasissasatii on of zinc alloys, indium

hydr oxi de and surfact ant 5 % Leak index (stored at [err] for 60 days) 10
Addi tive eLag IeRe t@fth zmﬁ,?uoysl( Amount of 0.01 wt % of zinc alloy 15

Amount of 1N iﬂ\@% 184t %} géttem using thk Bmount of thef3 Hrfactant fixB to 0.01 wiod\
Ca zinc rﬁlt eTh nged-amoufits gf]induﬂr h}droxlde HaPoak teSt was carried out with the batteries stored at60°C

for 60 days.
™ 5 Table 9 shows the results of leak test for batteries using the amount of the surfactant fixed to 0.01 wt%
A and the changed amounts of indium sulfide. The leak test was carried out with the batteries stored at 60°C for
75 days.

10

15

19



o Lo -
L0 AN (] O T
oo AN oouwm — O c
. AN ONOULAN ol e)Nali]
o o .  C O
4 O000O0 +Fad®t&E
Lo « O 53O
NoOOoOO IS —
o OWL - OS5
— o o [(o N o] L - Cc O0_ 0O
. . QO oL LL I S)
° = X _w 0| cBo 4 ShE 0 0 LT T0°0 [ TO*0 [ S0°0 | T°0 | Z°0 08
s P& | o ® |>° 0 0 91 20°0 o|soof t°0 [ z°0 | 6¢
. oETLlJ%T
Sp B8] TWaBoh | 58 F52° 0 0 61 0|zo'o|so0of 10 { z°0 | 8L
N O o ++ . (O
o .| 8.~ "0 00 fouw 0 0 61 z0°0 0{so°0 o | zo | LL
%000 o oleole] 00 .@Lm
- )H 0 H._c ”,Bhot 0 0 44 0{20°0} S0°0 0 c°0 9L
o Loboo NLo8 52985 0 0 9z 20°0 0 0] T°0 | 20 GL
S T L0 P ®_ % 8¢ 0 0 T3 0{zovo of T°0 | 20 | we
5 L 7| "ex] o0of582 0 0 62 0 o[so0o| 10 | 270 | €L
N ) Q OO% |m0.h
8 °f "Tw| o&”f 0 FEB= 0 0 o€ 0 0 [so°o 6 [ st0 | e
mo D 2T 5| 0 0— ¢ _0_ 0 0 61 0 0 6] co|so | t
o D — vt \— A —
e P 0 Kh$°O0 I®D m 3509 T0°0 S00°0 | TO0°0 e) v 14 qd ur *ON
N~ - ) L) — O
ol o .« %o 3uTZ JO $3M) :
ook, Coo sorso ALt 3o ooy
9 © S RAQTeOMIZ IO $34 T0°0
AN n o .
00% _ . MO?_O@QH 3ans2 Jo junoury (%3M) sjuowa[ad ATITPPY
© = (skep 09 ®03 3 oumuoumv X9puUT eoT %
o . {skep 09 303 D409 Je7P put yEoT
Lo} o O N — +—
© o Sc hrwe%
o COodHwWwO — ~" o somnf jue3loRJINS pUER IPTX0IPAY
o SCPs oodnTprg ,_nm.m MEP OUTZ JO uOTIRUTqWOD ¥y} Bursn sartialjeq
) o G35pappe 9pTx0apAy WNTPUT JO JUNOWE BY3 JO IVBFJA 8 STqEL
o o o +— m
- o o . Sc-
. o AN C © - @©
oo o Lo — O >ow
AN . A O T LL
(qV} . O o n O ® (O]
™ o o AN . temh
S Ce fewe,© RC M®—-5- R ] 8 8 ? 8 3
o owm L0 Ow C C
0 M\%S% S dws®Ew
y b ..
N O e fEed egew, 275 ;v ;v
[ JeolololeololololololololoR_ NolNe X le RN Ne)

20



In this exanple, it is seen that the | eak resistance of the battery using
the surfactant is much inproved ovepoubsresshatitery free of the surfactant.

i ndi um hydr oxi de obtai ned al nost the 5
same effect. The surfactant used in EXAMPLE 5 was a perfl uoroal kyl

Substitution of indiumsulfide for

pol yet hyl ene oxi de su
[err] wherein Xis -H
metal, nis in the rar
Powdler ss of the indium
fram the sulfate as st
particles of the hydrd
0.5 to 8 [err]. Suffig
to be obtained with in
materi & s and having t
above. In all the exarn
can be obtained yth &
obtained with ba@&eri ¢
25 adde’g t her et o= d ai
battery, which goupri g
containing at I%2&t or
dium | ead, bi h, |
hydr oxi de or i%ﬁma
materi ghb by neusrali zi
di;spersing sai dwg nc g
hydf oxi de or i rigitim su
gel -1i ke anodeYgaid i
an amount of 0.9@5 to
met hod 2accordinge o cl
% of i ndi um and§& 005
and bisnuth is@%ed ag

claim1, whereiffhe Zi

to 0.5 wt %of“_Q or
%in tdlal of om®er n

—_———0

Sk e— .

Ko théeg {stared-at P

o

ragrant| nav

or{-F, Zis | sgdn al kal i

ge | of to e |t o 100.

hydr oxijde a rq prepared

ZFYing jrate ngre of the

xnde and the Si 2e 20 of

it i st ®ds confirmed

@h ym hydr oxil de [ arti ng

e |same| pro Z;} 3 and 4

1;%3:5 abpge [ Sirjed ef f ect
&t peifs f &qct can be

ppp of nercury
pd- al kal i ne

pvvder

gd of in-
i di um
arft i ng

5
Al i ndi um

N ERXo prepare a

cantai ned in

JE 28005 F A 713 E.J5
. >

TTial loy. 2. A
? .01 to 1 w
of | ead
according to
ndi um 0. 005

anode active rr&bé’rﬁal.
wherein said i g% s3
oL
8 oh
35 =]
0= 0
Sun
P 3o
o
Wy
ow
) -~ @
U 40 L2 g
O Q-
QD g
U )~y
oo
Ban
w a
Qo
[ a]
a
]
(]
50
55

Additive elements (wt$)

.p0OY to 0.2 wt
ésed as the.
al m

N~
a3 ole
Q . .
QIO O] © < ol o
™ [} ™~ -
r~ o o (=] o
< . . . .
Clojo|o|o|]olo|lojo] O
miwn MWW N In
of (=2 I ~] [N~ N~ = ]
m . . . . . [ .
Clo|Qo|O]|JOojo|o]lololo
0 (3] el o~ ] <] ~
m * L ] . L ] [ ] L] L ]
QIO OjO|OjO|IOolOolOI®
o W] NN N NN NN N
H L] [ ] Ll L ] » [ ] L ] . [ ] L ]
Olo|olQjlolojlo|lo|lo]lo
ol dlN|mle|iwvivin|o|alo
= i o]V V0] 0] 0| O] N

From Table 8 and 9 it is seen that the amounts of indium hydroxide and indium sulfide added are suitably
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5., A nethod according to any of clains 1 to 3, wherein said indiumsalt is
indiumnitrate or indiumsulfate, &pd4smssdBindi um hydroxide or indium
sulfide is prepared by neutralizing an aqueous solution of said Indiumsalt

cont ai ni NGy, ¢HalrHab 9. doS .5 wibh. 6. Amet hod according to any preceding claim
wherein the ﬁémgﬁi shi¥s thd¥@sultD B 6L kdRY 1N Hattrd€ inQhich e labBinP &t tilel stlRadnEURR 0 wi%
cont ai NS 6hd\he alfo@it of RYiuPn HYliroREY wals 011984 PRYd SilthSwdight éitielzRic Sliog, AnPhe Knde ah®thé
[err]. 7. dmwdiihts6rsb M6 atdities wete dhBigell TREIBEK té2Bwds|cartieh oub\With kR bhtteRidd stbrédaEiéoecn
hysdkoxi gle foee daysiei ght | oss of 18 to 30 55 wt % when thermally
deégonposed at a tenperature of up to [err]. 8. A nmethod according to any
preceding claim wherein said indium hydroxi de has a powdery X-ray diffrac-
tion pattern having peaks at 4.71 0.10 A, 3.98 0.02 A 3.57 0.10 Aand
2.66 0.02 A 24 EP 0 457 354 Bl indium 0.005 to 0.5 wt% for each or
two of Pead and bismuth or 0.005 to 0.2 wt% for each or two of cal cium and
al um num Furthernore, substitution of lithiumfor the alum num coul d
obtain the sane effect. In this exanple, it is seen that the |eak

resi stance of the battery using the surfactant is much inproved over the
batter% free of the surfactant. Substitution of indiumsulfide for indium
hydroxiae obt ai ned al nost the 5 sane effect. The surfactant used in
EXAMPLE 5 was a perfl uoroal kyl pol yethyl ene oxide surfactant having the
followi ng formul a of [err] and mis in the
range of 40 to 100. Powders of the indium hydroxide and the indiumsulfide
used wgpe prepared fromthe sulfate as starting material and contai ned 80
m@i@or nore of the particles of the hydroxide and the sul fide having a
particle size 20 of 0.5 to 8 [err]. Sufficent resistance to the
electrolyte |l eak was confirned to be obtained wi th indi um hydroxi de
prepared fromthe sanme starting materials and having the sanme properties as
those @ EXAMPLES 2, 3 and 4 above. In all the exanples above it was
confirned that the desired effect can be obtained with batteries free of
mercury but the sanme effectcan be obtained with batteries containing
several orseveral tens of ppnof nercury

30
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25 added t her'et 0.

battery, which conprises the stepsEBb45785881di ng zi nc al |l oy powder

cont ai ni ng at

dium | ead,

bi snut h,

| east one all oying el enent of the group consisting of
lithium calciumand al um num providing indium

Clains 30 1. A nethod of manufacturing a zinc-al kaline

i n-

hydr oxi de opabpé mmsnkfeée 8EcpRecdlibp ESpbSTE IORS b Bt Edrids NY

mat eri a

by neutral i zhggngnthaueombinat ibn Opf Ozinei a1 Toys,

di spersing said zi nc hydogxpdedandasurfaetante nateri al

odti b

and sai d indi um

hyglr oxigle or indiumsulfide in a gel-like alkaline electrolyte to prepare a
gek-/ i ke andde, sard 1ndrum hydroxide or 1ndrumsultidg R0 1% ned in
an anount off 0.005 to 0.5 w % based on the wei ght of s%;%dyégz py. 2. A
met hod accorlding to claim 1, wherein the zinc alloy cdnteoPcngop. 01 to 1 wt
% of indiumjand 0.005 to 40 0.5w %in total of |onéOrdays) of| | ead
and bi fhuth]is used as the anode active material. 3. A d Eor ing to
claim1, whgrein the additdiveoelementisni(wgs). 01 to 1 th%;cég(f 0. 005
to 0.5 w %jof one or two in total of |ead and bisnuth andlowe ofo 0.2 w
%in total gf one or nore of lithium calciumand al uni reime allosd ps the
anode ggtiveg material. 4. A nettod according to any m
wherein said indiumsalt is indiumchloride or indiumlsulT; A net hod
according td any of clains 1 to 3, wherein said indiu Sa&arbﬁiaélem
nitrate or ind++th*444uHa—-and—saLd RehrR-hydicoxi-de—dr 0 hd{wtgsoEf | de i s
prepared by Ind@.r Iizimg hn Ehue)usﬂéolttléﬂ of s&&j|nal891§&19Y¢01taining
chloride ions. R0 6. Te 80 ace BrEE %o any |pr ecedijng crarm_whefei n the
p \M;/]er of t He_i i mq yrrhytte o lumSsul fide? nrepared coflt ai ns 50 Wt %
o&*ﬁore of dartgzllesniedihg.n pajoiobe gioze of |@ 5tols [errb 7. A net hod
accordi ng tc‘ﬁ@%;pﬁece ) arm . WHEer ey sar d (I _mdi oy dr ox e 1Tas) a
wei ght | oss |af. 4% —O.i Qrogﬁmt n therdifally 2\
tenper & ure ofgqntcllmrr 0. 3 Aoggshocoaccoruuu;to any prgcedlng claim
wher ei n sai T o llywuuuc trar$ powery— & tay—dr--rec—ttrompat{ ern
havi ng peakd at®% {7103 1p0A 3. gg 09.50;,0A. 3.9F 0.1d A and%92.66__D. 02 A
24 96 | 0.2 |0 0.5 |0 0 0
s 97 | 0.2 |o0.005 |0 0 0 0
98 0.2 0.5 0 0 0 0
99 0.2 0.0025|0.0025|0 0 0
3% 100 0.2 0.25 0.25 0 0 0
101 0.01 |0 0.05 0 0.02 0
102 0.05 |0 0.05 0 0.02 0
o » 103 | 0.5 |o 0.05 |0 0.02 0
104 1.0 0 0.05 0 0.02 0
105 0.2 0 0.005 |O +0.02 o
4% 106 0.2 0 0.5 0 0.02 0
107 0.2 0 0.05 0.0025]0.0025 0
108 0.2 0 0.05 0.1 0.1 0
50 109 0.2 0.0025{0.0025|0.01 0.01 0
110 0.2 0.25 0.25 0.01 0.01 0
111 0.2 0.1 0.05 0.0025}0.0025 0
55 112 0.2 0.1 0.05 0.1 0.1 0

From Table 10 it is seen that the amounts of the additives are suitably in the range of 0.01 to 1 wt% for
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EP. 0 457 354 B1 9. Amethod according to any preceding claim wherein, in
addition to said indium hydroxi de EPoASH3s4B3ul fide, an alkali netal sulfide
is added in an amount of 0.002 to 0.2 w % based on the wei ght of said zinc

al | oy t0 Sidish, @205 loioeawtétlrérdhdneR tvidl f fobd & YisRuth Br 0.005% 0.2\WwidErbi Hach GHwdér dhidleh t O
any pr eceoana@luflndin/Burthifbre] silbstftlich olithiah toh e AR SluliloBtafh AdlsBind Bfecd
surfactant hamhis exghp, i dseamat b faPbibtarith oA belel\sRgie SxffsBEntad Yiuch finproved

ol eophi | i covethd battbryfreé dftiRIstrddctant SuBEHREdN bfindaim sBIFEYFoinduh HydrEXidl ob@inél almost the/0
based on tsdwnewtieaght of said zinc alloy. 11. A nethod according to claim 10,
wherei n sai dTeasuffatantused inBXAMRLE 5vas apetfincrodily] pelysthyldne exidesndpetaothadfy thedolid®ifg i n
an anount fofmuo®0l to 0.1 w % based on the weight of said zinc alloy. 12.
Arret hod according to claim 10, (RhdhEnn(YbaCH:B@Phatant has the fornula of
[err] wher¥ierpinXis <, Y ipGahle-O-E HCH(DH)- HeP £ syl rels fangym i 60, Bimilarietigcts cambebtaingd | s
in the ’?an‘ﬂ@'a@f"f%’tﬂnﬁeﬁrﬁﬁeﬂ‘ﬁﬂbﬁﬁqf?’ﬂ" °fhe rangqeyI of 40 to 100 |n an anmount of
0.001 to 0.1 w_ % based. on. t n)allo

;’?LEB;??:g"W‘%e&w a%%fraé'ﬁvd%‘?n et -sm%?ge Ao e 2 on

ei nes ZpnkTegi erungspul vers, ggt@gl HdC bﬂ n Legl erungsel enent

&glsz?ﬁm unﬂdglyﬁﬁyﬂjﬁflp dung é‘&e en von F'kadl u%ﬂ“?giﬁké géHrrEtom

| i U Ul 1 0 oG b ik HAAHd8 RS ot W Lugocdle ;ﬁéﬁﬁredﬂaﬂ%'mfaﬁrah% rch
Neutral i siRgteHal £hl BEHieRE 86 WGP mbid DEHEpditicRS 8fthe M ireAdo ant fhd sdideMavisy a%ﬁianea'.ws es
Zi nk| e@b erdf0.5 &Bliny Sifficieht Bsisthride Blel lobtFolyIbdkiwasiéontitiidd BB8 obtaltt WM ElER NydRRid® d e T
| Rdi-uns uf i giépaied froin iRSaBebtartitg rBdtiaR akdiaving the Bankd fdpertiod 34ithude o HRARIPLES 2, 3 and
\T'ért i ge 4apodke her zustel |l en, wobei das | ndi unmhydroxi d oder | ndi unsul fid in
e| ner Menge incall tH®,e@@0pldsiabove jt wassenfinieg thattbe desiesdffedt tanche wbidiaed withbhtteriekcfree of
Zi nkl egi ermerepry wtthéwaime effect @b be optainktbwithhiittedies coataifingewspat orséveds) teneof ppm otinercury
Zi nkl ed¥ eradrded thesefe.hal t end 0,01 bis 1 Gew. - % | ndi um und i nsgesant 0, 005 bis
0,5 Gew. -% von ei nem oder beiden der Elenmente Blel und Wsnuth, als das
aktive Anodenma- 35 terial verwendet wird. 3. Verfahren nach Anspruch
1, worin dF®msi nk| egi erung, enthaltend 0,01 bis 1 Gew. -% I ndium insgesant

36 1. Amethod of manufacturing a zinc-alkaline battery, which comprises the steps of:
: providing zinc alloy powder containing at least one alloying element of the group consisting of in-
dium, lead, bismuth, lithium, calcium and aluminum,
providing indium hydroxide or indium sulfide prepared from an indium salt as starting material by
neutralizing an aqueous solution of said salt, and
85 dispersing said zinc alloy powder as an active material and said indium hydroxide or indium sulfide
in a gel-like alkaline electrolyte to prepare a gel-like anode, said indium hydroxide or indium suifide being
contained in an amount of 0.005 to 0.5 wt % based on the weight of said zinc alloy.

2. A method according to claim 1, wherein the zinc alloy containing 0.01 to 1 wt % of indium and 0.005 to
U 40 0.5 wt % in total of one or two of lead and bismuth is used as the anode active material,

3. - Amethod according to claim 1, wherein the zinc alloy containing 0.01 to 1 wt % of indium, 0.005 to 0.5
wt % of one or two in total of lead and bismuth and 0.005 to 0.2 wt % in total of one or more of lithium,
calcium and aluminum is used as the anode active material.

* 4. Amethod according to any preceding claim, wherein said indium salt is indium chloride or indium sulfate.
5. Amethod according to any of claims 1 to 3, wherein said indium salt is indium nitrate or indium sulfate,
and said indium hydroxide or indium sulfide is prepared by neutralizing an aqueous solution of said indium
50 salt containing chloride ions.
6. Amsethod according to any preceding claim, wherein the powder of the indium hydroxide or indium sulfide
prepared contains 60 wt % or more of particles having a particle size of 0.5 to 8 um.
7. A method according to any preceding claim, wherein said indium hydroxide has a weight loss of 18 to 30
55 wt % when thermally decomposed at a temperature of up to 800°C.

8. Amethod according to any preceding claim, wherein said indium hydroxide has a powdery X-ray diffrac-
tion pattern having peaks at 4.71 £ 0.10 A, 3.98 £ 0.02 A, 3.57 £ 0.10 A and 2.66 + 0.02 A.
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30 1. Amethod of manufacturing a zinc-alkaline battery, which comprises the steps of:
providing zinc alloy powder containing at least one alloying element of the group consisting of in-
dium, lead, bismuth, lithium, calcium and aluminum,
providing indium hydroxide or indium sulfide prepared from an indium salt as starting material by
neutralizing an aqueous solution of said salt, and
35 dispersing said zinc alloy powder as an active material and said indium hydroxide or indium sulfide
in a gel-like alkaline electrolyte to prepare a gel-like anode, said indium hydroxide or indium sulfide being
contained in an amount of 0.005 to 0.5 wt % based on the weight of said zinc alloy.

2. A method according to claim 1', wherein the zinc alloy containing 0.01 to 1 wt % of indium and 0.005 to
40 0.5 wt % in total of one or two of lead and bismuth is used as the anode active material.

3. A method according to claim 1, wherein the zinc alloy containing 0.01 to 1 wt % of indium, 0.005 to 0.5
wt % of one or two in total of lead and bismuth and 0.005 to 0.2 wt % in total of one or more of lithium,
calcium and aluminum is used as the anode active material.

® 4. Amethod according to any preceding claim, wherein said indium salt is indium chloride or indium sulfate.
5. Amethod according to any of claims 1 to 3, wherein said indium salt is indium nitrate or indium sulfate,
and said indium hydroxide or indium sulfide is prepared by neutralizing an aqueous solution of said indium
50 salt containing chloride ions.
6. Amethod according to any preceding claim, wherein the powder of the indium hydroxide or indium suifide
prepared contains 60 wt % or more of particles having a particle size of 0.5 to 8 um.
7. Amethod according to any preceding claim, wherein said indium hydroxide has a weight loss of 18 to 30
&5 wt % when thermally decomposed at a temperature of up to 900°C.

8. Amethod according to any preceding claim, wherein said indium hydroxide has a powdery X-ray diffrac-
tion pattern having peaks at 4.71 + 0.10 A, 3.98 +0.02 A, 3.57 £ 0.10 A and 2.66 + 0.02 A.
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2. Verfahren nach Anspruch 1, worin die Zinklegierung, enthaltend 0,01 bis 1 Gew.-% Indium und insgesamt

0,005 bis 0,5 Gew.-% von einem oder beiden der Elemente Blei und Wismuth, als das aktive Anodenma-
terial verwendet wird.

3. Verfahren nach Anspruch 1, worin die Zinklegierung, enthaltend 0,01 bis 1 Gew.-% Indium, insgesamt
0,005 bis 0,5 Gew.-% von einem oder beiden der Elemente Blei und Wismuth und insgesamt 0,005 bis
0,2 Gew.-% von einem oder mehreren der Elemente Lithium, Kalzium und Aluminium, als das aktive An-
v » odenmaterial verwendet wird.

4. Verfahren nach einem der vorhergehenden Anspriiche, warin das Indiumsalz Indiumchlorid oder Indium-
sulfat ist.

45 5. Verfahren nach einem der Anspriiche 1 bis 3, worin das Indiumsalz Indiumnitrat oder Indiumsulfat ist und
das Indiumhydroxid oder Indiumsulfid durch Neutralisieren einer wéssrigen L&sung des Chloridionen ent-
haltenden Inidumsalzes hergestelit wird.

6. Verfahren nach einem der vorhergehenden Anspriiche, worin das Pulver des hergesteliten Indiumhydro-
xids oder Indiumsulfids 80 Gew.-% oder mehr an Teilchen enthlt, welche eine Teilchengrife von 0,5 bis
8 um besitzen.

7. Verfahren nach einem der vorhergehenden Anspriiche, worin das Indiumhydroxid einen Gewichtsverlust
von 18 bis 30 Gew.-% zeigt, wenn es thermisch bei einer Temperatur von bis zu 900 °C zersetzt wird.

55 8. Verfahren nach einem der vorhergehenden Anspriiche, worin das Indiumhydroxid ein Pulver-Réntgen-
beugungsmuster aufweist, welches Peaks bei 4,71 £ 0,10 A, 3,9810,02A,3,57+0,10 Aund 2,66 + 0,02
A aufweist.
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| aNFor mul e (X - C F2n - (Y) - (CH2CH2Om - (Z2) dans laquelle X est -H ou
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fournir de I'hydroxyde d'indium ou du sulfure d’indium préparé & partir d’'un sel d'indium comme
produit de départ en neutralisant une solution aqueuse dudit sel, et

disperser ladite poudre d'alliage de zinc servant de matiére active et ledit hydroxyde d'indium ou
sulfure d’indium dans un électrolyte alcalin se trouvant sous forme d’un gel pour préparer une anode sous
forme d’un gel, ledit hydroxyde d'indium ou sulfure d'indium étant contenu en une quantité de 0,005 a
0,5% en poids par rapport au poids dudit alliage de zinc.

30

Procédé selon la revendication 1, dans lequel I'alliage de zinc contenant 0,01 & 1% en poids d’indium et
0,005 & 0,5% en poids au total de I'un ocu des deux éléments plomb et bismuth est utilisé6 comme matiére
active d’anode.

3. Procédé selon la revendication 1, dans lequel Falliage de zinc contenant 0,01 & 1% en polds d'indium,
\/ 4 0,005 & 0,5% en poids au total de I'un ou des deux éléments plomb et bismuth et 0,005 & 0,2% en poids
au total de I'un ou de plusieurs des éiéments lithium, calcium et aluminium est utilisé comme matiére active

d'anode.

4. Procédé selon I'une quelconque des revendications précédentes, dans lequel ledit sel d'indium estle chlo-
45 rure d’'indium ou le suifate d'indium.

5. Procédé selon 'une quelconque des revendications 1 & 3, dans lequel ledit sel d'indium est le nitrate d’in-
dium ou le sulfate d’indium, et ledit hydroxyde d'indium ou sulfure d'indium est préparé en neutralisant
une solution aqueuse dudit sel d'indium contenant des ions chlorure.

6. Procédé selon I'une quelconque des revendications précédentes, dans lequel la poudre de ’hydroxyde
d’indium ou du sulfure d’indium préparé contient 60% en poids ou plus de particules ayant une dimension
de 0,52 8 um.

7. Procédé selon I'une quelconque des revendications précédentes, dans lequel ledit hydroxyde d'indium
présente une perte de poids de 18 & 30% en poids lorsqu’il est décomposé thermiquement & une tempé-
rature allant jusqu'a 900°C.
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20 12. ProcdWselon ia revendication 10, dans |equel | edi
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e s 9. Procédé selon Pune quelconque des revendications précédentes, dans lequel, en plus dudit hydroxyde
?,’;j d’indium ou sulfure d'indium, un sulfure de métal alcalin est ajouté en une quantité de 0,002 4 0,2% en
poids par rapport au poids dudit alliage de zinc audit électrolyte alcalin se trouvant sous forme d’un gel.

10. Procédé selon I'une quelconque des revendications précédentes, dans lequel ledit électrolyte alcalin
contient un tensioactif ayant une partie hydrophile de poly(oxyéthyléne) et une partie hydrophobe cons-
tituée d'un groupe fluoroalkyle en une quantité de 0,001 4 0,1% en poids parrapport au polds dudit alliage
de zinc.
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11. Procédé selon la revendication 10, dans lequel ledit tensioactif répond & la formule
(X) - CoF 20 - (Y) - (CHCHO) - (2)
dans laquelle X est -H ou -F, Y est -C,H;-0-CH,CH(OH)-CH,0-, -CONH ou -SONR dans laquelle R est
-H ou un groupe alkyle, Z est-CHj, - PO3W, ou SOsW, dans lesquelles W estun métal alcalin, n est compris
entre 4 et 10, et m est compris entre 20 et 100, et est contenu & raison de 0,001 & 0,1% en poids par
rapport au poids dudit alliage de zinc.
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20 42. Procédé selon la revendication 10, dans lequel ledit tensioactif répond & la formule
W (X) - CoF2n - (CH,CH0)m - (2) :
dans laquelle X est -H ou -F, Z est -CHj, -PO;W, ou -SO,W dans lesquelles W est un métal alcalin, n est
compris entre 4 et 10 et m est compris entre 40 et 100, et est contenu 2 raison de 0,001 & 0,1% en poids
par rapport au poids dudit alliage de zinc.
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